Salinity is a major factor that detrimentally affects crop productivity worldwide. According to Food and Agricultural Organization (FAO) report, more than 800 million hectares of land and 20% of irrigated agricultural land are affected by salinity around the globe in 2008 (Singh and Jha, 2016) . In addition, anthropogenic global warming is exacerbating the problem, causing secondary salinization (García-Cristobal et al., 2015) . Because of its growth conditions, rice (Oryza sativa) is particularly susceptible to salt stress (Kohler et al., 2009; Hong et al., 2009; Lucas et al., 2014) . In many rice production areas, salt stress limits yield (García-Cristobal et al., 2015) .
A number of approaches are used to address the negative impacts of salinity, including gypsum applications, organic matter amendments, and irrigation optimization to limit the quantities of salts applied and to effectively leach salts from the root zone, and planting salt-tolerant crop varieties (Nadeem et al., 2016) . The use of beneficial bacteria, known as plant-growth promoting bacteria (PGPB), to increase the productivity of agricultural crops under stress conditions and decrease the use of chemical fertilizers and pesticides that have a strong negative impact on the environment is becoming an increasingly intriguing biotechnological alternative (Saharan and Nehra, 2011) . A number of reports demonstrate the efficacy of PGPB in promoting plant growth under normal conditions as D r a f t 4 According to FAO standards (Brouwer et al., 1985) , soil with a salt concentration of 0-3 g/L in the water extracted from a saturated soil is considered non-saline soil. However a small number of studies have found salt-tolerant bacteria in non-saline soil (Chen et al., 2010; Echigo et al., 2005) . Surprisingly, researcher discovered a large number of halophiles and salt-tolerant bacteria in non-saline soils, Bacillaceae was the most frequently occurring family. Yet, where these salt-tolerant bacteria come from is unclear. With respect salt-tolerant bacteria widely distributed in other non-saline soil, it is hypothesized that salt-tolerant bacteria can be isolated from paddy soil, and these salt-tolerant bacteria can be correlated with improved rice growth under salt stress.
Taoyuan village, Yunnan province of China, which was reported in several papers with the high rice yields above 13 t/ha, has been famous as a special eco-site for rice high yield due to its superior light and temperature conditions (Katsura et al., 2008; Li et al., 2009) . The aim of the present study was to provide the first detailed characterization of salt-tolerant bacteria in high-yield paddy soil in Taoyuan village, and examine their effect on plant growth, osmolyte content of rice plants growing under salt stress.
Materials and Methods
Sample collection: Paddy soil samples were collected from Taoyuan village（35° 56' N, 104° 08' W） on December, 2010. Paddy soil approximately 5-10 cm beneath the ground surface was collected.
Sampling was performed at five locations, and the samples were mixed together. All samples were collected into sterilized sample bags using a small sterilized shovel and transported to the laboratory at room temperature. Microbial isolation was performed within 24 h. Soil salt content was determined to be 1.01 g/kg using the NY/T1121.16-2006 method (Chinese Agricultural Standard). According to FAO standards, the collected samples were non-saline soils. 
Strain isolation:
Three types of media were employed as isolation media. To each medium, 16 mg/L of nystatin was added. A 10 g soil sample was placed in an Erlenmeyer flask that contained 90 ml sterilized 0.85% (w/v) NaCl solution and glass beads. The flask was placed on a shaker for 2 h at 120 r/min at room temperature to yield a soil suspension. Next, a 10× gradient dilution was performed using 0.85% (w/v) NaCl solution. The 0.2 ml soil suspension with dilution at 10 -5 -10 -7 was plated on medium and cultured at 28℃. After 7-30 days, single colonies were cultured in a corresponding medium for the streaking isolation of tetrads. The obtained pure cultures were freeze-dried in milk, subsequently inoculated onto a slant culture medium, and stored at 4℃ for future use.
Evaluation of NaCl tolerance of the isolates:
To test NaCl tolerance, isolates growth at various NaCl concentrations (0, 50, 100, 150, and 200 g/L) was investigated on R2A. Survival rate were calculated as: Number of viable strains/tested total number strains× 100%. The experiment was repeated three times. To provide clearer descriptions, strains that grew in media with NaCl concentration higher than 50 g/L are referred to as salt-tolerant bacteria.
D r a f t
Subsequently, the seeds were soaked in 75% ethanol for 2 min and then in 1% sodium hypochlorite for 5 min. Finally, they were rinsed three times with sterile water. Ten millilitres of strain suspensions were placed in culture bottles lined with filter paper. In each bottle, 10 surface-sterilized rice seeds were added and cultivated for 10 days at 28℃. The germination energy, germination capacity, root length, and shoot length were measured. Germination energy reflects the rate at which this process occurs and is given as the proportion of seeds which germinate half-way into the expected germination period. Germination capacity is the proportion of planted seeds which form normal sprouts at the maximum time needed for all viable seeds to germinate (Aniszewska and Słowiński, 2016) The experiment was repeated three times.. The measured parameters included the following:
Germination energy = (the number of germinated seeds on the 5 th day / total number of seeds) × 100%
Germination capacity = (the number of germinated seeds on the 10 th day / total number of seeds) ×
100%
Screening for plant growth promoting traits: For quantifying 1-aminocyclopropane-1-carboxycarboxylate (ACC) deaminase activity, isolate TY0307 (Genbank accession number KF477150) was grown in R2A up to late log phase. ACC deaminase activity was determined by measuring the production of α-ketobutyrate, as described by Honma and Shimomura (1978) . ACC deaminase activity was expressed as μmol α-ketobutyrate/mg protein/h. For quantification, a standard curve was plotted from OD 540 of different concentrations of α-ketobutyrate ranging between 0.1 and 1.0 μmol. The protein concentration in the sample was determined by Lowry method (Lowry et al., 1951) .
Siderophore production by TY0307 was determined following the universal assay of Schwyn and Neilands (1987) . In this assay, one can identify the siderophore producing bacteria through color change of the blue media.
IAA production was estimated according to a standard method described by Gordon and Weber (1951) in which the hormone present in the culture reacts with Salkowski reagent, quantitatively measured on a spectrophotometer at 530 nm.
Biochemical analysis of plants:
Proline content in leaves of experimental plants was determined by spectrophotometric method (Bates et al., 1973) (1999) . The protein concentration in the sample was determined by Lowry method (Lowry et al. 1951 ).
All tests were carried out in triplicate.
Statistical analysis: Analysis of variance (ANOVA) and standard deviation (SD) was calculated using IBM SPSS program version 19.
Results

Screening of salt-tolerant bacteria
A total of 305 strains of bacteria were isolated from paddy soil samples using three culture media.
Based on the bacterial colony morphologies and bacteria growth rates, a salt-tolerance test was performed on 162 strains. The test results indicate that all tested strains could not grow in a medium with a 200 g/L NaCl. When the NaCl concentration was 50, 100, or 150 g/L, the strain survival rates were 67.3%, 28.4%, and 9.3%, respectively. As the concentration of NaCl increased, the number of surviving strains decreased.
Diversity of salt-tolerant bacteria
16S rRNA gene sequencing was performed on 74 strains of salt-tolerant bacteria isolated from paddy soil. The results showed that the 74 strains belong to three phyla (Proteobacteria, Firmicutes, Actinobacteria), four orders (Bacillales, Actinomycetales, Rhizobiales, Oceanospirillales), nine families, 15 genera, and 35 species ( Figure 1 ; Table 1 ). The 15 genera were as follows (number of strains in parentheses): Bacillus (39), Streptomyces (9), Fictibacillus (5), Halomonas (3), Nocardia (3),
Brevibacterium (1), Arsenicicoccus (1), and Solibacillus (1). Bacillus exhibited the highest abundance (52.7% of the strains), followed by Streptomyces and Fictibacillus (12.2% and 6.8% of the strains, respectively). A total of 50 strains could tolerate NaCl concentrations of 10% and 15%. Of these strains, 88% belonged to Bacillales, Rhizobiales, and Oceanospirillales, with most of the strains belonging to Bacillales (80%).
Influence of salt-tolerant bacteria on rice seed germination under salt stress
Based on characteristics such as salt tolerance and growth rate, 30 salt-tolerant strains were selected to test their effect on the salt tolerance of rice seeds. The effects of the 30 tested strains on the seed germination capacity and germination energy were not significant when under the stress of 3 g/L NaCl. Under the stress of 6 g/L NaCl, 67% of the salt-tolerant strains improved the germination energy but had no significant effect on the germination capacity.. Under the stress of 9 g/L and 12 g/L NaCl, the germination energy and germination capacity of the control group suddenly decreased to 0, while 97% and 43%, respectively, of the salt-tolerant bacteria-treated seeds exhibited germination energy higher than that of the control group. Additionally, 93% and 83% of the salt-tolerant bacteria-treated seeds, respectively, displayed a germination capacity higher than that of the control group. As the level of NaCl stress increased, the germination energy and germination capacity of the un-treated and the inoculation-treated group both decreased. However, under the stress of a high salt concentration, the growth-promoting effects of the bacteria strains were superior. Among the tested strains, TY0121, TY0407, TY0509, and TY0239 significantly improved rice seed germination energy and germination capacity at different salt concentrations (Figure 2 ). However, without NaCl stress, the effects of these four strains on germination energy and the germination capacity did not significantly differ from that of control. These results suggest that these four strains of bacteria significantly relieved the toxic effects of high NaCl concentration on rice seed germination.
Effects of salt-tolerant bacteria on rice seedling shoot length
Among the 30 tested strains, 73%, 90%, 77%, 90%, and 83% of the strains displayed better shoot lengths than the control group when under stress of 0, 3, 6, 9, and 12 g/L NaCl, respectively (Table 2) .
When under no NaCl stress, TY0130, TY0111, TY0406, TY0121, and TY0307 promoted a 30% increase in the shoot length of rice seedlings. TY0130 promoted a 45.1% increase compared to the control group. Under the stress of 3 g/L NaCl, TY0256, TY0119, TY0231, and TY0130 exhibited over 110% shoot length promotion in seedlings. TY0256 promoted the most significant growth increase (162.5%). Under the stress of 6 g/L NaCl, TY0256, TY0130-1, TY0545, TY0111, and TY0132 D r a f t displayed growth promotions over 176%, TY0256 promoted the most significant increase (278.6%) compared to the control group. Under 6 g/L NaCl stress, salt-tolerant bacteria exhibited the most significant growth promotion in the shoot length of rice seedlings. Under the stress of 9 g/L NaCl, no germination was found in the seeds of the control group. With inoculation of TY0307, TY0545, TY0407, TY0463, and TY0340, the shoot lengths of rice seedlings were over 2.5 cm. TY0307 and TY0545 promoted shoot lengths of 4.67 and 3.14 cm, respectively. Under the stress of 12 g/L NaCl, there was again no germination in the seeds of the control group. Seeds inoculated with TY0029 and TY0105 exhibited shoot lengths over 1 cm. Salt stress from high concentration of salt significantly inhibited the germination of rice seeds. However, with inoculation of salt-tolerant bacteria, the salt tolerance of rice seeds was significantly improved. As the salt stress increased, the promotive effects were more apparent. However, we did not find a strain that performed well under all salt D r a f t
Strains that promoted growth in both root and shoot length
Without NaCl stress, four strains, i.e., TY0110, TY0111, TY0130-1, and TY0210, promoted growth in root and shoot lengths (Figure 3) . Under the stress of 3 g/l NaCl, 80% of the strains had promotive effects on both shoot and root length. The five strains with the most apparent effects were TY0111, TY0114, TY0119, TY0231, and TY0239. Of these strains, TY0119 exhibited promotions of 196.4% and 128.3% in root and shoot length, respectively. The increase in root length promoted by these five strains was more than the increase in shoot length (Figure 3) . A total of 63% of the strains promoted growth in shoot and root length under the stress of 6 g/l NaCl. TY0545 displayed the most significant growth promotion: 244.2% for root length and 190.7% for shoot length (Figure 3) . Under the stress of 9 and 12 g/l NaCl, no germination occurred in seeds of the control group without bacteria inoculation. The high salt content severely inhibited the growth of rice seeds. A total of 87% and 77% of the strains could preserve rice seeds from growth inhibition under the stress of 9 and 12 g/l NaCl, respectively, and promote the growth of roots and shoots. Under the stress of 9 g/l NaCl, TY0307 exhibited the most significant growth promotion: root length is 5.09 cm; shoot length is 4.67 cm (Figure 3 ). D r a f t different concentrations of NaCl. However, TY0307 significantly decreased the MDA content from 14.8 to 29.0 % in treated plants. The highest reduction in MDA content of 29 % was observed at 12 g/L NaCl ( Figure 4B ).
Discussion
Since the discovery of halophiles and salt-tolerant microorganisms in high-salt environments, continuous research on the origins of these halophiles and salt-tolerant bacteria has been performed.
With the expansion of the research field, researchers surprisingly also discovered a large number of halophiles and salt-tolerant bacteria in non-saline soils. Chen et al. (2010) screened 114 strains of halophiles and salt-tolerant bacteria from orchards, paddy, sandy soil, and forest soils using five media and different NaCl concentrations (5%, 10%, 15%, 20%). Of the 114 strains, 20.2% could tolerate NaCl concentrations in the range of 0-20%, and two strains were halophiles. Bacillaceae (33 strains; 54.1%) was the most frequently occurring family. Echigo et al. (2005) isolated 176 strains of salt-tolerant bacteria from orchards, lawn, pasture, and woodlands around Tokyo, Japan, using one medium (20% NaCl concentration) and three pH gradients. Of the 176 strains, the majority were Halobacillus litoralis (66 strains), Halobacillus trueperi (28 strains), and Filobacillus milosensis (17 strains). In this study, 305 strains of bacteria were isolated from paddy soil using three culture media, and 162 of the strains were tested for salt tolerance. Among the tested strains, 67.3%, 28.4%, and 9.3% could grow in NaCl concentrations of 50, 100, and 150 g/L, respectively. When the NaCl concentration was 200 g/L, there was no growth of any strain. Phylogeneic analysis was performed on 74 strains and found that Bacillus was the most frequently occurring strain. Our result is consistent with that of Chen were not found in this study. However, multiple strains of Bacillus megaterium, a major group in the study by Chen et al.(2010) , were isolated, which could be a result of factors such as sample sources and isolation strategies. Similar to the findings by Chen et al. (2010) and Echigo et al. (2005) , strains of the Bacillaceae were of absolute majority. Additionally, the Bacillus genus represented the most numerous group in the Yunnan Kunming salt mine (Xiao et al., 2006) as well as in brine and soil of the Yipinglang Salt Mine D r a f t (Chen et al., 2007) , composing 43.2% and 15.8%, respectively, of the isolated strains. However, Bacillus is rarely found in ancient salt crystals. To date, only one strain of Bacillus has been isolated from ancient salt crystals that are hundreds of millions years old. All other strains are archaea and non-spore forming (StanLotter et al., 2002) . We speculate that the archaea were the first to appear in high-salt environments, followed by bacteria. The halophiles and salt-tolerant bacteria in non-saline environments originated in high-salt environments (spread by methods such as winds). Salt-tolerant bacteria further evolved in the non-saline environment. A portion of the halophiles was weeded out, while several enter dormancy or survive in high-salt microenvironment. Therefore, "salt-tolerant" instead of "salt-liking" may be the more favourable survival strategy. If spore formation is a widespread strategy to resist stress, why are spores rarely found in ancient halophiles in salt crystals?
Our understanding of the stress resistance physiology of microorganisms is substantially less developed than desirable. In Chen et al. (2010) , one strain of Pseudomonas was isolated, and no
Pseudomonas was found in our study or that of Echigo et al. (2005). Rangarajan et al. (2002) isolated
59 strains of Pseudomonas from paddy soil (i.e., non-saline soil) of Southern India using a Pseudomonas-selective culture medium. Among the isolated strains, 18 were tolerant to 0.5 M (2.92%) NaCl, seven were tolerant to 1.0 M (5.85%) NaCl, and four were tolerant to 1.5 M (8.27%) NaCl.
An eco-physiological approach suggests that the plant-associated microbial community may be the key factor for understanding the adaptation of plants to their habitat (Redman et al., 2002) . Many investigations of the interaction of PGPB with other microbes and their effect on the physiological response of crop plants under different soil salinity regimes remain at an incipient stage (Singh et al., 2011) . During the last decade, a number of reports have appeared on the beneficial effects of microorganisms, such as Pseudomonas, Bacillus, Pantoea, Burkholderia, and Rhizobium, that help enhance the tolerance of crops (e.g., rice, wheat, maize, cotton, lettuce, tomato, and pepper) to drought, salinity, heat stress, and chilling injury under controlled conditions Subramanian, 2014； Natarajan et al., 2016) .
A large number of halophiles or salt-tolerant bacteria occur in nature. The screening of crop-beneficial microorganisms could substantially expand the applications of salt-tolerant bacteria and develop the resources of such bacteria. Researchers have isolated strains capable of promoting the salt D r a f t tolerance of rice, corn, peanuts, and wheat from saline soils of beaches and other locations (Singh and Jha, 2016; Yuan et al., 2016; Nautiyal et al., 2013; Principe et al., 2007; Raheem and Ali, 2015; Shukla et al., 2012) . Our results indicate that 80% of the growth-promoting salt-tolerant bacteria isolated from non-saline paddy soil belong to Bacillus spp. This finding is consistent with that of other research. The majority of the strains that are known to be salt-tolerant and capable of growth promotion are Bacillus, including Bacillus pumilus (Jha, 2013) , Bacillus amyloliquefaciens (Nautiyal et al., 2013) , and Bacillus thuringiensis (Raheem and Ali, 2015) . Pseudomonas is another commonly observed salt-tolerant bacterium that promotes growth (Yuan et al., 2016; Jha and Subramanian, 2014; Forni et al., 2016; Raheem and Ali, 2015) . However, no Pseudomonas was isolated in our study. It is possible that the isolation media we used were unsuited for the growth of Pseudomonas or that the number of Pseudomonas in the sampling environment was low. Because of the different culture media that were used, we isolated more growth-promoting actinomycetes, such as Streptomyces sp., which is rarely observed in other studies. Developing actinomycetes into bio-fertilizer could provide advantages that other bacteria do not possess. That is, it is easy to culture, store, ship, and colonize, and it offers stronger resistance. Thus far, salt-tolerant bacteria capable of promoting rice salt tolerance are less frequently observed (García-Cristobal et al., 2015; Yuan et al., 2016; Jha and Subramanian, 2014; Nautiyal et al., 2013; Forni et al., 2016) . Under the stress of different salt concentrations, this study found that 63%-87% of the strains could promote growth in both the shoot length and the root length of rice (fig 3) . Numerous bacterial traits have been suggested to be involved in conferring salt tolerance to treated plants. These traits include the production of cytokinin, indoleacetic acid, ACC deaminase, abscisic acid, trehalose, volatile organic compounds, and exopolysaccharides. Several strains could even regulate gene transcription in rice to improve salt tolerance (Nautiyal et al., 2013) . Thus, TY0307 capable of producing IAA, ACC deaminase and siderophore could enhance growth and alleviate salt stress in rice. The effect of promoting rice salt tolerance is found not only in single strains of bacteria but also in strain mixtures. Yuan et al. (2016) found that transplanting salt-tolerant bacteria from the plant rhizosphere to the roots of rice could also increase rice salt tolerance. These striking findings imply that microbial-mediated plant traits rely not only on individual members in a community but also on the cooperation and the functions of the entire microbiome.
Certainly, rice salt tolerance involves a complicated biochemical and physiological process, such as protein synthesis, lipid metabolism, photosynthesis, ionic homeostasis, and nitrogen fixation (Parida and Das, 2005) . PGPB improve plant growth under salt stress by maintaining favourable K + /Na + ratio, or by enhancing the production of certain osmolytes such as proline, total soluble sugar, total protein content etc., or by both these methods (Singh and Jha, 2016) . We observed a decrease in proline levels as a consequence of salinity in TY0307 inoculated rice and conclude this is a reflection of a lower severity of salt-induced stress in these plants. This was further corroborated by results of the MDA level which represents the degree of damage induced as a consequence of increased salinity and, is often used to evaluate plant salt tolerance (Han et al., 2014) . Inoculation with TY0307 resulted in decreased MDA content in treated plants (Figure 4 ).
In this study, the promotive effect of bacterial strains on the germination energy, germination capacity, shoot length, and root length of rice was found to be stronger under the stress of higher concentrations of salt than under the stress of lower concentrations (Figure 3 ). This finding is consistent with the results of research by Wen et al. (2009) . A possible explanation is that the high salt concentration resulted in physiological damage to rice that can be repaired by the bacteria. Additionally, the bacterial promotion of root growth under salt stress was more apparent than that of shoot growth (Figure 3) . A possible explanation is that the leaves of rice are more sensitive to damage by osmotic pressure (Forni et al., 2016) .
Conclusion
Admittedly, our understanding of the mechanism of how microorganisms increase plant salt tolerance is limited. However, this limited understanding should not be an obstacle to developing the microorganisms into bio-fertilizer. Our results suggest the presence of rich and diverse salt-tolerant bacteria in the paddy soil. The significance of TY0307 treatment to rice under hydroponic conditions in ameliorating the salt stress possibly through increased producing of ACC deaminase, IAA and siderophore, induced reduction in MDA content, enhanced proline accumulation, and indicates its utility to be used as potential biofertilizer strain. 
